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1976.     Determination  of  skyline  load  capability  with  a 
programable  pocket  calculator.     USDA  For.  Serv. 
Res.  Pap.  PNW-205,  11  p. ,  illus.     Pacific  North- 
west Forest  and  Range  Experiment  Station,  Portland, 
Oregon. 

For  planning  purposes,  logging  engineers  need  tools  and 
methods  to  determine  the  load- carrying  capability  of  skyline 
cable  systems.     Both  computerized  and  hand  computation  methods 
are  available  for  these  determinations;  however,  no  approach 
has  been  reported  that  could  be  programed  onto  the  pocket-size 
computers  available.     This  paper  presents  a  method  that  will 
determine  the  load  capability  of  a  running  or  standing  skyline 
on  a  programable  pocket-size  calculator. 

KEYWORDS:     Skyline  logging,  computation,  computer  programs . 


RESEARCH  SUMMARY 
Research  Paper  PNW-205 
1976 


The  trend  toward  more  intensive  advance  planning  of  logging  activities 
has  definitely  been  established  in  recent  years,  particularly  for  cable 
logging  operations.     Logging  specialists  and  forest  engineers  now  commonly 
investigate  the  relationship  between  cable  tensions,  ground  profile  shapes, 
anchoring  geometries,  and  anticipated  log  loads  before  actual  field  opera- 
tions.   The  primary  objective  is  to  establish  the  workability  of  a  proposed 
operation  before  actual  logging  begins. 

The  nature  of  this  advance  planning  is  inherently  computational.  For 
skylines,  the  relationship  between  tensions,  loads,  and  geometries  can  be 
determined;  but  a  great  deal  of  numerical  manipulation  is  involved.  To 
make  the  exercise  most  practical,  a  computer  is  required. 

The  degree  of  practicability  associated  with  performing  the  computa- 
tions necessary  for  planning  skyline  logging  depends  on  the  availability 
and  cost  of  the  computer.    The  geographically  dispersed  nature  of  forest 
operations  makes  the  large  central  computer  impractical  for  most  situations 
because  of  inaccessibility  or  cost.    The  introduction  of  inexpensive, 


pocket-size,  programable  calculators  has,  however,  changed  this  situation. 
These  computers  are  readily  available  and  can  perform  many  of  the  calcula- 
tions required  for  advance  planning. 

This  paper  presents  the  mathematical  expressions  that  make  possible 
determination  of  the  relationship  between  tensions,  geometry,  and  loads 
for  running  and  standing  skylines.    The  expressions  are  condensed  to  a 
degree  that  allow  them  to  be  programed  on  a  pocket-size  calculator.  Approx- 
imations are  entailed;  however,  the  error  associated  with  them  was  negligible 
and  is  discussed.    The  derivations  presented  have  been  the  basis  for  several 
computer  programs  now  available  on  pocket-size  calculators. 


Introduction 


An  important  step  in  the  process  of  examining  the  feasibility  of  a 
proposed  skyline  logging  operation  is  the  determination  of  the  load-carry- 
ing capability  of  the  skyline  equipment.    This  capability  is  a  function  of 
the  equipment  size,  the  anchoring  arrangement,  and  the  amount  of  deflection 
allowed  by  the  terrain  over  which  the  skyline  is  intended  to  operate. 
Determination  of  the  load-carrying  capability  presents  a  computational 
problem  to  which  considerable  attention  has  been  devoted,  with  the  result 
that  logging  engineers  have  available  several  methods  for  solution.  These 
methods  fall  into  the  general  categories  of  (a)  handbook  methods  [6>  7) 
which  use  a  "chain-and-board"  physical  analogy  and  a  tabulated  set  of 
cable  tension  and  geometry  characteristics  to  determine  load-carrying 
capabilities,  and  (b)  computer  methods  {13  4}  5)  which  use  a  mathematical 
approach . 

This  paper  presents  another  computer  method  for  determination  of 
skyline  capabilities.    The  approach  is  conceptually  the  same  as  the  com- 
puter solutions  reported  previously;  however,  whereas  the  early  methods 
required  large  or  at  least  desk-top  computers,  this  solution  can  be 
accomplished  on  a  programable  pocket  calculator.     Some  accuracy  of  the 
mathematical  description  has  had  to  be  sacrificed;  however,  comparisons 
with  other  available  methods  have  shown  the  accuracy  of  the  calculator 
results  to  be  adequate  for  a  wide  range  of  practical  situations. 

The  purpose  of  this  paper  is  to  show  the  mathematics  and  assumptions 
which  were  necessary  to  put  the  solution  for  skyline  load- carrying  capa- 
bility on  a  hand-held  computer.    A  Hewlett-Packard  651./  was  used;  this 
computer  is  capable  of  executing  100  programed  steps  and  has  9  addressable 
storage  registers.    Two  programs  have  been  prepared  and  are  discussed  in 
this  paper:     (a)  a  solution  for  the  load-carrying  capability  of  a  standing 
skyline  shown  in  figure  1  and  (b)  a  solution  for  the  load- carrying  capa- 
bility of  a  running  skyline  shown  in  figure  2. 


Headspar 


—   Mention  of  products  or  companies  by  name  does  not  constitute  an 
endorsement  by  the  U.S.  Department  of  Agriculture. 
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Figure  2. — Running  skyline. 


BACKGROUND 

Analysis  of  the  relationship  between  tensions,  loads,  deflections,  and 
line  lengths  for  a  skyline  system  will  yield  mathematical  equations  in 
terms  of  the  hyperbolic  functions  which  describe  a  catenary  curve.  Solu- 
tion of  equations  will  relate  the  physical  variables  of  the  system.  However, 
the  determination  of  these  solutions  is  not  trivial;  and  if  computers 
are  to  be  used,  a  large  computing  facility  is  required.     If  one  wishes  to 
avoid  the  large  computers  and  would  prefer  to  use  a  desk-top  computer  or 
the  programable  pocket  computer,  then  the  complexity  of  the  mathematical 
description  of  the  skyline  systems  must  be  simplified.    This  is  accomplished 
by  introducting  assumptions  which  simplify  but  limit  the  applicability  of 
the  results . 

This  paper  discusses  the  analysis  of  two  skyline  systems.    The  assump- 
tions and  subsequent  limitations  are  implicit  in  this  discussion  and 
should  be  understood  by  anyone  who  intends  to  apply  the  results  of  this 
solution. 

The  Problem  Description 

In  this  paper,  mathematical  equations  are  derived  to  express  the 
gross  payload  capability,  WG,  of  a  standing  or  running  skyline  as  a 
function  of  the  cable  systems  geometry  which  is  described  by 

L,  the  span  between  anchor  points, 

h,  the  elevation  difference  between  anchor  points, 

d,  the  horizontal  distance  from  the  left  anchor  to  the 
carriage , 

and  y,  the  elevation  difference  from  the  left  anchor  point 

measured  positive  down  to  the  point  where  the  carriage 
rests  on  the  skyline  (or  haulback) ; 
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and  the  line  weights  related  to 

o)i ,    the  weight  per  unit  length  of  the  skyline 

and  (JJ3 ,    the  weight  per  unit  length  of  the  main  line,  or  for 

the  running  skyline,  the  main  line-operating  line 
combination; 

and  T^,  the  operating  tension  of  the  systems  which  are  given  to  exist  at 

the  left  anchor  in  the  skyline  of  the  standing  configuration  and  in  the 
haulback  of  the  running  skyline  system. 

In  the  computer  programs  based  on  these  mathematical  descriptions, 
the  specified  values  are  then  L,  h,  d,  y,  u>i,  103,  and  T^;  and  the  expected 
result  is  l\L. 

Li 

Mathematical  Description 

Carson  and  Mann  {2}  3)  discussed  the  mathematical  description  neces- 
sary to  determine  load- carrying  capability  for  the  standing  and  running 
skylines,  respectively.     Recognizing  the  difficulties  associated  with  the 
catenary  description  of  these  cable  systems,  the  authors  discussed  an 
approximate  approach  as  the  force  balance  formulation.     This  approach  will 
be  used  here  also. 


TENSIONS 

Consider  the  free  body  diagrams  of  the  standing  and  running  skyline 
cable  configurations  as  depicted  in  figures  3  and  4,  respectively.  For 


Figure  3. — Free  body  diagram  for  standing  skyline. 
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Figure  4. — Free  £>ody  diagram  for  running  skyline. 


both  these  systems,  one  can  express  the  horizontal  component  of  tension  in 
line  segment  2,       ,  in  terms  of  the  known  geometric  quantities  L,  h,  d, 
and  y;  the  skyline  or  haulback  tension,  TA,  and  the  line  weight  per  unit 
length,  ti>i  .    This  is  accomplished  by  first  using  a  catenary  relationship 
which  states  that  the  tension  in  the  skyline  (or  haulback)  at  the  carriage 
is  equal  to  the  tension  at  the  headspar  minus  the  product  wiy.    This  and 
the  fact  that  the  tension  in  this  support  line  is  the  same  on  each  side  of 
the  carriage  support  sheave  provide  the  expression 


(TA-coiy)2=(v2C)2+(H2)2, 


(1) 


The  vertical  and  horizontal  components  in  this  expression  are  related 
to  the  line  weight  and  shape  of  the  cable  segment.    The  relationship  is 
revealed  in  the  moment  balance 


V^(L-d)=H2(y-h)-R2(L-d-e2). 
Combining  these,  one  gets  the  quadratic  equation 

H22(l+t2>2H2R2t3  (l-t4)+R22(l-t4)2-(TA-oJ1y)2=0; 


(2) 


(3) 


where 


3  L-d 


and 


ZA  L-d 
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V  and  H  are  force  components  in  the  lines;  R  is  the  force  component  result- 
ing from  line  weight,  and  e  indicates  the  moment  arm  associated  with  this 
force.    All  these  terms  are  defined  as  shown  in  figures  3  and  4. 


LINE  WEIGHTS  AND  MOMENT  ARMS 

An  assumption  which  simplifies  the  mathematics  of  this  description 
substantially  involves  the  line  weights  and  moment  arms  of  the  line  seg- 
ments which  depend  on  the  physical  shape  of  each  segment,  a  catenary  in 
reality,  and  the  line  weight  per  unit  length: 


(a)  the  line  weight  is  equal  approximately  to  the  product  of 
the  weight  per  unit  length  and  the  chord  length.    For  the 
segments  in  these  systems,  the  weights  would  be  expressed  as 

VuiCdV)1725  (4) 
R2=a31((L-d)2+(y-h)2^1/2;  (5) 
and  R3=W3(d2+y2)1/2  .  (6) 


In  keeping  with  this  assumption,  the  second  simplification  is  to  assume: 

(b)  the  moment  arm  for  the  weight  of  each  segment  is  at 
the  middle  of  its  span.    This  provides 

e;L=e3=l/2d;  (7) 

and  e2=l/2(L-d)-  (8) 


The  effect  of  these  assumptions  on  accuracy  of  the  solution  for  the 
running  skyline  was  discussed  by  Carson  and  Mann  (3) .    The  results  of  a 
description  with  these  assumptions,  such  as  the  one  used  here,  approximate 
the  catenary  solution  to  within  a  fraction  of  a  percent  when  the  lines  are 
taut.     Cables  with  low  tensions  will  sag  and  adopt  a  catenary  shape  whose 
length  is  substantially  longer  than  the  chord  length.     In  such  cases  error 
will  result,  the  magnitude  being  proportional  to  the  amount  of  sag;  however, 
in  most  cases  the  cables  will  be  stressed  to  a  maximum  working  value  to 
carry  the  largest  loads  possible.    With  these  conditions,  the  results  of 
the  present  analysis  are  accurate.    Nevertheless,  those  who  use  these 
results  should  keep  this  limitation  in  mind. 
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GROSS  PAYLOAD 


With  the  simplified  line  weight  and  moment  arm  expressions  of  the 
previous  section,  the  quadratic  solution  for  H2  can  be  reduced  to: 


H  =■ 


)l(L-d) 


K2) 


2\l/2 


r  ;r 


V 


Ark  y  \2 

4Voj1  (L-d)"  L-dJ 


1/2 


(9) 


This  holds  for  both  standing  and  running  skyline  configurations. 

The  load-carrying  capability  of  each  configuration  can  be  related  to 
this  component  of  tension  by  noting  the  vertical  force  balance  at  the 
carriage  which  becomes 


w  =v  c+v  c+v  0 

G    1      2  3 


for  the  standing  skyline  and 


W  =V  °+2V  C+V  0 
G    1        2  3 


(10) 


(11) 


for  the  running  skyline.  The  vertical  components  of  tension  can  be 
derived  from  moment  balances : 


and 


Vl  HlV1/2Rl; 


V2  =H2t3-l/2R2; 
V3C=H3t1-l/2R3; 


(12) 
(13) 
(14) 


where  t^=y/d  is  introduced  here.  Substitution  of  these  for  equations 
(10)  and  (11),  respectively,  give 


and 


f(H1+H3)t1+H2t3-l/2(R1+R2+R3), 
r(H1+H3)t1+2H2t3-l/2.(R1+2R2+R3) 


(15) 
(16) 


At  this  point  the  horizontal  force  balance  is  introduced  to  provide  the 
relationships 

H2=H1+H3 


(17) 


for  the  standing  skyline  and 


2H2=H1+H3 


(18) 


for  the  running  skyline  configuration.     Substitution  of  these  provides  the 
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final  expressions  for  the  payload;  namely, 


(19) 


for  the  standing  skyline  and 

WG=2H2(t1+t3>l/2(^+2R2+R3)  (20) 

for  the  running  skyline  configuration.    These  equations  and  the  computed 
value  of       provide  the  load- carrying  capability  as  a  function  of  the 

geometry  implied  by  L,  h,  d,  and  y;  the  line  weights  derived  from  o>i  and 
0)3 ;  and  the  working  tension  of  the  skyline  (or  haulback)  specified  as  T.. 


MAIN  LINE  TENSION 


In  both  skyline  configurations,  an  amount  of  main  line  tension  is 
required  to  maintain  the  carriage  location.    The  magnitude  can  be  related 
to  the  horizontal  component  of  tension,  H3 ,  which  is  related  to  the  hori- 
zontal components,      ,  and  H2,  as  expressed  in  the  previous  section.  As 
for      ,  a  quadratic  solution  similar  to  that  used  for  H2  is  available  in 
the  form 


l=  2(i+t12y/2 


Therefore,  the  magnitudes  of  main  line  tension  and  its  components  follow 
directly  from  the  equations 

H3=H2-H1  (22) 

for  the  standing  skyline, 

H3=2H2-H1  (23) 


for  the  running  skyline,  and 

V3C=H3t1-l/2R3  (24) 


and 


The  tension  at  the  left  anchor  can  be  determined  with  the  catenary 
relationship 

T_a-T,C+Wiy-  (26) 


7 


Error 


As  noted  earlier,  the  analysis  presented  here  yields  accurate  results 
for  taut  lines  only.     In  the  running  skyline  configuration,  this  assumption 
is  nearly  always  satisfied  since  the  tension  of  the  haulback  line  provides 
enough  force  on  the  carriage  to  maintain  tension  in  the  main  line,  even  for 
a  no-load  condition.    The  same  is  not  true  for  the  standing  skyline.  Con- 
ditions can  arise  where  the  tension  requirement  for  the  main  line  is  so 
small  that  considerable  sag  will  develop.     In  this  section,  we  examine  the 
error  that  is  induced  from  low  tension  in  the  main  line  of  the  standing 
skyline. 

An  accurate  analysis  of  the  main  line,  shown  in  figure  5,  would  con- 
sider the  catenary  shape  it  adopts  between  the  left  anchor  and  the  carriage. 
The  shape  would  depend  on  the  horizontal  force,  H^,  required  to  hold  the 
carriage  in  position  and  would  influence  the  vertical  force  lifting  the 
carriage,  V3.    Such  an  analysis  would  yield  a  relationship  between  these 
forces,  namely, 

vjctenaxy  =  llf  -  )  ;  ™ 

where 
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By  comparison,  the  approximate  analysis  developed  in  this  paper  yields 
the  relationship 

The  difference  arises  from  the  assumptions  made  in  equations  (4),   (5),  (6), 
(7),  and  (8),  which  ignore  the  sag  of  the  main  line  as  would  be  described 
by  the  catenary  and  as  would  actually  exist.     It  should  be  apparent  that 
the  magnitude  of  sag,  and  thus  the  discrepancy  between  V_)  and 

V3  that  is  introduced,  is  a  function  of  the  tautness  of  the  main  line, 
which  is  in  turn  a  function  of  the  horizontal  component  of  tension,  H3. 
More  specifically,  one  can  recognize  that  for  fixed  geometry  and  line 
weight  per  unit  length,  more  sag  and  thus  more  discrepancy  are  caused  by 
lower  values  of  H^.     This  can  be  summarized  as  an  error  defined  as 


f  \ 

ERROR  =    J  catenary  L  .  (29) 


vv  \  -V 


H3 
/ 

u)3d 


This  expresses  the  discrepancy  between  the  approximation  for       and  that 

derived  from  a  catenary  analysis  as  a  percentage  of  the  horizontal  tension 
required  in  the  main  line.    All  terms  have  been  normalized  by  the  product 
013d  to  reduce  the  error  to  a  function  of  the  ratios  (y/^    ^3/^  d)  onl^' 

A  plot  of  the  variation  is  presented  in  figure  6. 


Therefore,  figure  6  provides,  for  a  given  carriage  location  (i.e., 
y/d) ,  given  line  weight  and  horizontal  tension  requirement  (i.e.,  H^/o^d)  , 

a  measure  of  the  error  introduced  by  the  approximate  analysis  presented. 
Notice  that  until  the  ratio  H^/u^d  approaches  2.0,  the  error  for  all 
physically  realistic  geometries  is  negligible. 


Numerical  Example 

The  computational  procedure  suggested  for  a  hand-held  or  small  desk- 
top computer  is  described  best  by  a  numerical  example.     For  the  example 
presented  here,  we  chose  a  standing  skyline  anchored  with  the  values 


L  = 

2,000  feet  (609.6  meters), 

h  = 

1,000  feet  (304.8  meters), 

d  = 

1,400  feet  (426.7  meters), 

y  = 

850  feet  (259.1  meters), 

O)!  = 

2.89  pounds/foot  (42.18  newtons/meter) , 

0)3  = 

1.85  pounds/foot  (27  newtons/meter), 

TA  = 

53,300  pounds  (237  090  newtons) . 

The  first  step  might  be  a  determination  of  the  cable  weights  involved  in 
the  configuration.    As  indicated  in  equations  (4),   (5),  and  (6),  the 
summation  of  these  weights  can  be  estimated  as 

CR1+R2+R3^  =  9,551  Pounds  (42  485  newtons). 

Equation  (9)  provides  a  direct  computation  of  line  segment  2,  horizontal 
tension  component,  as 

H2  =  49,108.0  pounds  (218  443  newtons). 

The  computations  are  completed  by  substituting  into  the  payload  equation 
(19)  which  for  the  standing  skyline  gives 

W_  =  12,763.2  pounds  (56  774  newtons). 

To  assess  the  error  which  is  introduced,  the  computations  are  continued, 
to  determine 


Hg  =  4,632.1  pounds  (20  605  newtons) 

as  the  horizontal  tension  required  to  hold  the  carriage  at  d  =  1,400  feet 
(426.7  meters).    This  implies  that 


=(0.607,  1.788) 


which,  from  figure  6,  indicates  an  error  of  1.26  percent.    Therefore,  a 
catenary  analysis  would  have  altered  the  load-carrying  capability  by 
approximately  58  pounds  (258  newtons). 
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The  procedure  for  determination  of  a  running  skyline  load  capability 
would  be  the  same  except  for  the  variations  in  the  equations  which  have 
been  noted  under  "Gross  Payload." 
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Pap.  PNW-39,  41  p.,  illus.     Pac.  Northwest  For.  and  Range  Exp.  Stn., 
Portland,  Oreg. 

Mann,  Charles  N. 

1969.    Mechanics  of  running  skylines.    USDA  For.  Serv.  Res.  Pap.  PNW-75, 
11  p.,  illus.     Pac.  Northwest  For.  and  Range  Exp.  Stn.,  Portland, 
Oreg . 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:   Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


GPO  996-941 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture  is  dedicated 
to  the  principle  of  multiple  use  management  of  the  Nation's  forest  resources 
for  sustained  yields  of  wood,  water,  forage,  wildlife,  and  recreation. 
Through  forestry  research,  cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater  service  to 
a  growing  Nation.   \l£9|  I"55 

The  U.S.  Department  of  Agriculture  is  an  Equal  Opportunity  Employer. 
Applicants  for  all  Department  programs  will  be  given  equal  consideration 
without  regard  to  race,  color,  sex  or  national  origin. 


